
 

D.D. Schmorrow and C.M. Fidopiastis (Eds.): AC 2014, LNAI 8534, pp. 245–256, 2014. 
© Springer International Publishing Switzerland 2014 

How Real Is Good Enough? Assessing Realism  
of Presence in Simulations and Its Effects  

on Decision Making 

Debra Patton 

U.S. Army Research Laboratory, Aberdeen Proving Ground, MD 21005 
debra.j.patton4.civ@mail.mil 

Abstract. Simulations are frequently used for experimentation and training in 
many domains as a safe and cost-effective stand-in for real world experiences. 
However, research about which factors (trait and state) affect how real a simula-
tion is to a person and how this “realness” affects cognition is lacking. Presence 
research lacks the assessment of interactions between psychological and physio-
logical responses in interactive immersive environments. This paper provides 
empirical results from both trait and state psychological and physiological 
measures to identify and provide operationally relevant information regarding 
the realism of presence in a 300° immersive simulation and its effects on a 
Shoot-Don’t-Shoot decision-making task. Participants engaged in a Shoot-
Don’t-Shoot simulation under three types of feedback conditions: (1) small 
shock, (2) life bar, and (3) no feedback. Results indicate that (1) trait uncertain-
ty mitigates the stress experience and (2) both immersion and errors were sig-
nificantly greater in the shock condition. Recommendations for future research 
are discussed. 

Keywords: stress, cognition, performance, decision making, simulation,  
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1 Introduction 

The concept of “presence” in immersive virtual environments (IVE) refers to just how 
realistically an individual responds to the environment and his or her subjective sense 
of actually “being there” in the environment represented by the simulation. Witmer and 
Singer [1] define presence [immersion] as a psychological state characterized by per-
ceiving one’s self to be enveloped by, included in, and interacting with an environment 
that provides a continuous stream of stimuli and experiences. Therefore, it stands to 
reason that greater realism produces a greater sense of presence. Richard Haas of the 
York College/WellSpan Health Nurse Anesthetists stated that, “when doing a simula-
tion, there are two things you want to know; does it look the same, and does it psycho-
logically feel the same?” [2]. But increased fidelity in simulation comes at a cost.  
Hence, the question How real is good enough in an IVE environment? deserves scruti-
ny.  The research described here focuses on arousal as a measure of presence.  
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Gratch, Marsella, and Petta [3], state that emotions are components that are part of 
human perception and affect decision-making. Emotions also influence one’s res-
ponses to acute situations in either the real-world social or physical environment. This 
is particularly relevant because Soldiers face difficult decisions under varying stress-
ful conditions. Having more exposure to stressful situations and understanding one’s 
perceptions and how to handle the situation could contribute to a Soldier’s  
resilience [4]. 

Although presence research investigates the importance of the psychological aspect 
of simulation, it is seldom measured and, more importantly, the psycho physiological 
interactions have been overlooked. While IVE systems are regularly used in training 
and research, further research is needed to assess the immersive realism of simula-
tions and how comparable they are to real situations. 

2 Background 

Soldiers returning from deployment stated that the training received in simulations 
helped them in theatre. The extreme tactical environments our Soldiers face in contin-
gencies overseas are unpredictable, mentally and physically challenging, and often 
insurmountable.  These environments pose unacceptable risk levels for training; there-
fore, training tools within a safe setting that can simulate extreme environments are 
needed. According to U.S. Army Regulation 350-1, the Army will train units and 
staffs in their core competencies under conditions that accurately and “realistically 
portray the operational environment” [5].  The military uses simulations to train many 
diverse tactical and social skills, and to test the integration of new systems for future 
force use. Actual deployment calls for quick decision-making processes under poten-
tially hostile situations. Current virtual simulations rarely mimic the actual harsh envi-
ronmental conditions that our military encounters during deployment, such as sound, 
light, smell, or threat of return fire. However, the U.S. military uses Survival, Eva-
sion, Resistance, and Escape (SERE) training as high-intensity military training for 
those at high risk of capture. SERE training is both physically and psychologically 
demanding. It was designed to parallel the stress experienced during real war, captivi-
ty, and other combat missions. Additionally, the U.S. military uses the National Train-
ing Center (NTC) [7] that is designed to prepare U.S. military personnel for a variety 
of operational missions.  While the SERE and NTC offer more realistic training [6,7], 
and studies have been conducted during this training, they do not allow for the level 
of control needed in research. Taylor et. al. [6] collected physiological measures dur-
ing the field portion of the SERE training and investigated trait and state anxiety, 
salivary cortisol, and heart rate. Unfortunately, the collection times were at baseline 
and the first 2 days of a 12-day training regimen.  Using IVE systems that simulate 
the field-like operational environment allows for good experimental design and con-
trol that may provide insights on the effectiveness of training or to help discover the 
reasons for improved or impeded performance and in the process learn and apply 
effective mitigation strategies. 
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Lazarus and Folkman [8] define stress as a state produced when stressors (envi-
ronmental or social) tax or exceed an individual’s adaptive resources. The U.S. Army 
Research Laboratory Human Research and Engineering Directorate (ARL-HRED) 
has investigated a variety of stressful training events and developed a conceptual de-
finition of stress that is congruent with Lazarus and Folkman. Fatkin and Patton [9] 
state that stress is a “multifaceted, dynamic, and interactive process with psychologi-
cal and physiological dimensions.” Much of the training provided by the Army is 
known not to produce the high levels of stress required to make accurate arousal and 
performance measurements. The introduction of IVE systems has created a new ve-
nue with which to teach Soldiers how to better engage in their duties. Although the 
training is used, there has not been enough research on just how stressful the training 
is and the effects of the stressors on performance. The introduction of stressor threats 
may induce real-world behaviors and performance that are more representative of 
how Soldiers respond to battlefield situations. 

In the past, arousal measurement consisted of either psychological or physiological 
assessment. The importance of the interaction must not be overlooked to better under-
stand that when the body is aroused, as measured by physiological metrics, it is  
important to use the psychological measures for interpretation.  

2.1 Psychological and Physiological Measures 

Huang and Alessi [10] note that, “any theory of presence must take emotional factors 
into account.” To account for emotional factors, independent measures of individual 
characteristics in a simulation must be measured both psychologically and physiolog-
ically. Dixon et. al. [11] investigated the subjective arousal of students during a train-
ing simulation of a battery commander’s full-spectrum operations.  Six psychological 
constructs of arousal were measured (anxiety, depression, hostility, positive affect, 
sensation seeking, and dysphoria) at specific time points during the simulation. The 
changes in affect at these time points correlated with specific events in the simulation 
indicating measures of immersion. Additionally, some trait measures (i.e., anxiety, 
trait uncertainty) predicted overall performance in the simulation. The results indicate 
the students in training experienced a corresponding sense of presence as critical 
events occurred to the virtual captain in the video. 

Changes in heart rate variability (RR) act as an index of the central-peripheral 
neural feedback mechanisms and can be used to quantify executive control function 
and working memory capacity [12].  Morgan, et. al. [12] tested RR in high stress situ-
ations as an index of emotion regulation and cognitive ability.  They investigated 
military personnel going through SERE training and measured RR and performance 
during the stressful part of the training. They found that low baseline RR predicted 
better performance in a real SERE military training program.  

2.2 Immersion/Presence Measures 

Presence has been extensively studied, and a multitude of questionnaires have been 
developed and used. Authors van Baren and IJsselsteijn [13] wrote a compendium of 
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all the presence measurements available as of 2004, and grouped the instruments by 
type of measurement. They ended up with three categories: subjective measures, con-
tinuous assessment, and objective measures, each with subdivisions. Subjective 
measures contain all of the existing presence questionnaires. Continuous assessment 
contains the qualitative, psychophysical, and subjective corroborative measures. Ob-
jective measures contain psychophysiological measures, neural correlates, behavioral 
measures, and task performance. Combined they reported over 62 measures.  The 
most used is the Presence Questionnaire (PQ) by Witmer and Singer [1], and it corre-
lates with simulator sickness questionnaires as well as psychomotor tasks and spatial 
knowledge. It is also correlated with the Witmer and Singer’s Immersive Tendency 
Questionnaire (ITQ) usually given before performing in a virtual environment.  The 
Slater-Usoh-Steed [14] (SUS) questionnaire, also often used, accounts for internal and 
external factors that play in the role of presence.  

3 Present Study 

The use of both psychological and physiological responses in an IVE is not well stu-
died. Additionally, no consensus exists as to which self-report or psychological metric 
best measures presence. The present study investigated psycho physiological meas-
ures to identify and provide operationally relevant information regarding the realism 
of presence in a 300° immersive simulation and the effect of three types of feedback 
(shock, life-bar, or none) on cognitive performance. This effort hypothesized that (1) 
shock belt feedback would induce higher levels of immersion than the life-bar or no 
feedback condition, (2) performance would be better in the shock condition than the 
other conditions, and (3) the measures of trait uncertainty would (a) correlate with 
immersion responses and (b) act as a moderator of the stress experience. 

4 Methods 

4.1 Instrumentation and Questionnaires 

All experimentation was conducted in ARL’s Cognitive Assessment and Simulation 
and Engineering Facility (CASEL) simulation room which houses the 300° immersive 
simulator [15] and the ThreatFireTM [16] safe return fire system. The ThreatFireTM 
system is a wearable belt that uses a rechargeable battery pack to deliver a 50- micro-
amp, 200-ms electric shock to simulate the pain of hostile return fire. The belt has a 
dual built-in safety control that does not allow a continuous electric shock to be deli-
vered; instead the shock is “fired” once every 30 seconds at the earliest alternating 
between the two electricity housing units. An M4 carbine rifle was fitted with a laser 
in the barrel and a magazine specially designed to hold CO2 that simulates a similar 
amount of recoil as one would experience when shooting live rounds on a training 
range. The LifeShirt was also used.  It is a lightweight (8 oz.), machine-washable shirt 
with embedded sensors. Respiratory function sensors are woven into the shirt around 
the patient’s chest and abdomen. These sensors provided measurements of heart rate 
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variability (RR) among others measures not discussed here. The sensors cycle at 200 
Hz every second. The shirt is connected to electro pads placed on the wearer’s body.   

The following set of questionnaires were used prior to experimentation: (1) a de-
mographic questionnaire to obtain information such as age, virtual game play, hours 
of game play, etc.; (2) a 48-item Uncertainty Response Scale (URS) [17] designed to 
predict individual differences in coping with uncertainty and which measures three 
factors—emotional uncertainty (EU), desire for change (DFC), and cognitive uncer-
tainty (CU). Participants rate statements on the degree to which each statement relates 
to them using a five-point scale (1 = never, 5 = always). Scores for subscales are de-
termined by totaling the point value of statements associated with each subscale. 
Higher scores indicate a greater tendency toward maladaptive responses to uncertain-
ty (EU), greater enjoyment of the unknown (DFC), and greater preference for control 
under uncertain conditions (CU); (3) an Immersive Tendencies Questionnaire (ITQ) 
[1] that measures one’s capability or tendency to be involved or immersed; (4) Situa-
tional Self-Efficacy (SSE) [18];  (5) a Multiple Affect Adjective Checklist-Revised 
(MAACL-R) [19] which measures six constructs of stress [19}. The following ques-
tionnaires were collected after each scenario: (6) a Presence Questionnaire (PQ) [1] 
that measures the degree (scale of 1–7) to which one experiences presence in a virtual 
environment and the influence of possible contributing factors (control, sensory, dis-
traction, and realism factors) on the intensity of the experience; (7) a Slater-Usoh-
Steed Questionnaire (SUS) [14] that measures the internal and external factors of 
presence on a scale of 1–7; (8) a MAACL-R [19}; and (9) the Exit Survey which 
asked about the participants experience in each scenario and about the ThreatFireTM 
belt’s comfort. 

4.2 Procedures 

Data collection was conducted one participant at a time.  To ensure full knowledge of 
what to expect, test participants experienced a demonstration shock before signing the 
volunteer agreement. They were informed that they might receive small welts at the 
location where the shock made contact with their skin, and were instructed to contact 
the researcher if is any discomfort existed after 6 h. Precautions were taken to minim-
ize any adverse effects by frequently reminding them that they could withdraw at any 
time without penalty. Then, after signing the volunteer agreement, they completed the 
demographics survey, uncertainty measures, and the ITQ. Next, participants donned 
the LifeShirt, and a researcher ensured proper fit and electrode pad placement and 
turned on the data collection box. The physiological data was collected continuously 
throughout the entire experiment.  At this point, the participant was asked to stand 
quietly for 10 min to collect baseline physiological measures, and then completed the 
baseline “right now” version of the MAACL-R. Next, training and familiarization was 
conducted in the simulator to allow the participant to interact in the same way he 
would during the experimental conditions and allow aiming adjustment techniques. 
Following training and familiarization, each participant completed the SSE and 
another “right now” form of the MAACL-R. This served as the pre-measure of their 
self-confidence and their pre arousal state for each feedback condition. All  
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participants engaged in all conditions and were informed of each condition just before 
participation in it.   For the shock condition only, the researcher placed the ThreatFi-
reTM belt on the participant just as during the demonstration shock. Breaks were 
offered after each scenario.  All participants then engaged in the three pre-
programmed scenarios.  The order of feedback condition was randomized across sce-
narios.  After each scenario, the participant completed the “how you felt during the 
scenario” version of the MAACL-R, PQ, SUS, and Exit Survey.  At the end of the 
third scenario and after all questionnaires were completed, the data collection box was 
turned off and disconnected from the participants. Then they were allowed to change 
into their regular clothing and reminded to inform the researcher of any discomfort 
after 6 h, and then were free to leave. 

4.3 Tasks and Stimuli 

Each participant, one by one, participated in three pre-programmed scenarios. The 
first scenario was the training scenario. This provided experience with how the simu-
lated weapon operation felt and provided a shot marker on the screen where the laser 
hit the screen, and allowed the participant to practice in a similar scenario to the  
experimental scenarios. Each scenario lasted approximately 10–22 min.  

Each scenario used all five screens to provide 300° of visibility. The scenes took 
place on a bombed street somewhere in the Mideast, in a quarry, in an industrial area, 
or in a parking lot surrounded by buildings and trees. Target pairs were presented in 
various locations within each scene (e.g., behind a car, wall, building, natural terrain, 
rocks). The foe targets pointed and fired an M-9 pistol at the participant. The friend 
targets performed actions like handing over a soda, pulling out a wallet, or showing 
the “I surrender hands.” The target pairs were either friend/friend or friend/foe. Two 
enemy targets were not presented. The participants were instructed to only shoot at 
the foe targets. Based on subject matter expert input, we used a 2s presentation to 
induce a hasty decision. The interval between target pairs displays varied between 2, 
4, and 6s. This inter-trial interval was used to minimize a pattern effect. 

Up to 64 friend-friend and 64 friend-foe target pairs could be presented. Only the 
no- feedback condition presented all pairs. In the shock and life-bar condition, a shock 
or change in the life bar occurred when a foe was not hit and a minimum of 30s had 
passed since the last shock or change in the life bar. Therefore, both conditions were 
capable of providing feedback not more than 15 times. Target pairs were presented at 
the same time on the same screen for 2s. 

Just before target presentation, an indicator sound was activated from the screen to 
function as a virtual partner. The sound indicated where the participant should focus 
his/her attention. The life-bar condition turned a “life” from green to red when the 
participant was injured until the last (15th) section on the bar turned red and the sce-
nario ended. During the shock condition, participants received a small shock based on 
their performance during the scenario, i.e., if they missed a foe target they might re-
ceive a small shock delivered by the ThreatFireTM belt. Each shock was considered 
to wound rather than inflict a lethal hit until the last (15th) shock (and as in each sce-
nario the screen) indicated the scenario ended. The participants were told that even if 
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they shot the proper target, it was possible that they might receive a small shock or 
lose a life because the target had the potential to fire while falling to the ground.   

4.4 Design 

The independent variables were trait uncertainty (URS), immersion susceptibility 
(ITQ) and feedback. The dependent measures were the six psychological stress ap-
praisals via the MAACL-R, physiological measures through RR, and subjective re-
ports of immersion during the simulation. Baseline psychophysiological measures 
were collected. A recovery collection was deemed unnecessary based on the pilot 
study by Patton et. al. [15]. A dependent measure, performance, was defined as re-
sponse accuracy on target identification as identified by firing the weapon at the ap-
propriate target. 

Because the purpose was to test the hypotheses for changes in affect, the baseline 
measurements were not included as covariates in the analyses but were included as a 
variable. The data did not include outliers nor was it skewed. A MANOVA was used 
for the MAACL-R and GLM repeated measures ANOVA was used on all other de-
pendent variables.  The Pillai’s Trace statistic was used for MANOVA on the 
MAACL-R data because it violated the sphericity test. When the multivariate model 
was significant then post-hoc univariate ANOVAs and paired t-tests were used to 
determine specific differences. The Greenhouse-Geisser statistic was reported if the 
data in the univariate test violated assumptions [20]. 

5 Results 

A total of 18 male current military, police, and special reaction team personnel volun-
teered to participate. Age ranged 27–48 (M = 34, SD = 6.5). A health screening form 
to identify issues precluding participation, such as persons with a pace maker or heart 
condition was used to determine possible risk to participants.  No participants were 
excluded. To keep personal identification private, each participant was assigned a 
unique identification number as the only identifier on all data collected. All partici-
pants were informed that at any time, without penalty they could withdraw from the 
study however, all completed the experiment. 

5.1 Performance 

The main finding of this study was that the shock condition significantly increased 
errors in decision-making compared with the life-bar and no-feedback conditions. An 
incorrect decision was if a shot was fired at a friend or not an enemy. A correct deci-
sion was if a shot was fired at an enemy or not at a friend. 

An ANOVA indicated a significant difference in performance (F (2,34) = 12.768, p 
< .05, partial eta squared = .429, power = .994). See Figure 1 below. 
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Fig. 1. Percentage +SEM for performance errors.  Paired t-tests indicate that the shock condi-
tion produced significantly more decision errors compared with both the life-bar, t (17) = 3.762, 
p < .05, and no-feedback conditions t (17) = 5.745, p < .05.  

5.2 Immersion 

The within-subjects ANOVA performed on the exit survey’s immersion question did 
indicate a significant difference between conditions (F(2,34) = 9.609, p < .05, partial 
eta squared = .361, power = .971). The same analysis performed on the SUS ques-
tionnaire indicated a significant difference between conditions (F(2,34) = 7.379, p < 
.05), partial eta squared = .303, power = .918).  These findings indicate that the shock 
condition was more immersive than the life-bar and the no-feedback conditions.  The 
repeated measures analysis of variance is shown in Table 1. 

Table 1. Paired t-tests for Exit Survey Immersion and SUS 

     MS        SD    df          t            p  
Exit Survey 

Shock x Life-bar  1.222         1.215          17          4.267      .001   
 Shock x No-Feedback         1.389         1.685          17          3.497      .003 
 Life-bar x No-Feedback        .167         1.465          17            .483      .636  
SUS 
 Shock x Life-bar                  2.722         4.430          17          2.607      .018 
 Shock x No-Feedback         3.833         3.989          17          4.077      .001 
 Life-bar x No-Feedback      1.111         4.626          17          1.019      .322 

 
Significant correlations between immersion and the psychological measures were 

found. Baseline MAACL-R positive affect positively correlated with the exit survey’s 
immersion question (r(18) = .476, p < .05) in the shock- and no-feedback condition 
(r(18) = .494, p < .05). The MAACL-R pre anxiety measures positively correlated 
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with the exit survey’s immersion question during the life-bar condition (r(18) = .510, 
p < .05).  The SUS during the shock condition negatively correlated with levels of the 
during positive affect (r(18) = -.500, p = < .05).  

5.3 Psychological Measures (MAACL-R)  

Trait measures of EU and DFC (from the URS) correlations showed significant and 
positive correlations with levels of the hostility experienced in the no-feedback condi-
tion (r(17) = .597, p < .05); (r(17) = .686, p < .05, respectively). CU was significantly 
and positively correlated with levels of hostility experienced in the no-feedback con-
dition (r(17) = .662, p < .05). SSE in performing well during the experiment negative-
ly correlated with pre measures of depression (r(16) = -.53, p < .05), hostility (r(16) = 
-.54, p < .05), and dysphoria (r(16) = -.51, p < .05).  SSE negatively correlated with 
incorrect decisions in the shock (r(16) = -.55, p < .05), life-bar (r(16) = -.64, p < .05), 
and no-feedback (r(16) = -.57, p < .05) conditions, but positively correlated with cor-
rect decisions in the shock (r(16) = -.53, p < .05) and life-bar (r(16) = - .49, p < .05) 
conditions. 

A MANOVA performed on the multiple dependent variables of the MAACL-R da-
ta indicated a significant difference between conditions (Pillai’s Trace = 1.007; F (24) 
= 3.700, p < .05, partial eta squared = .252, power = 1.000).   Univariate ANOVA 
results are listed in Table 2.  

Table 2. Univariate Analysis of MAACL-R Subscales  

        MS        df        F                  p   
Anxietya   1251.724    2.755   6.054     .002 
Depressiona     167.764    2.114     .738     .492 
Hostilityb   2790.861    4.000 11.324     .000 
Positive Affectb    297.100    4.000   8.895     .000 
Dysphoriaa   2573.737    2.562   7.653     .001 
Sensation Seekinga    282.699    2.333   3.221     .044 
a Greenhouse-Geisser adjustment; b Sphericity assumed.  

 
Paired t-tests indicate that baseline anxiety is significantly lower than the shock 

condition (t (16) = -2.323, p < .05). Paired t-tests indicate a significant increase in 
anxiety for the shock condition compared with the life-bar (t (17) = 5.004, p < .05); 
and no-feedback conditions (t (17) = 3.751, p < .05). Paired t-tests indicate that base-
line hostility is significantly lower than during the shock, (t (17) = -5.365, p < .05), 
life-bar (t (17) = - 2.656, p < .05), and no-feedback conditions (t (17) = -2.870, p < 
.05), but increase from pre to during the shock condition (t (17) = -3.917, p < .05) and 
increase during the shock condition compared with life-bar (t (17) = 4.252, p < .05), 
and no-feedback conditions (t (17) =3.515, p < .05). Paired t-tests indicate that base-
line dysphoria is significantly lower than during the shock condition (t (17) = -5.071, 
p < .05). Paired t-tests indicate that the pre collection is significantly lower compared 
with the shock condition (t (17) = -2.614, p < .05), and the shock condition is  
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significantly higher than the life-bar (t (17) = 4.235, p < .05) and no-feedback  
conditions (t (17) = 3.856, p < .05). Paired t-tests indicate that baseline positive affect 
is significantly higher than during the shock, (t (17) = -5.365, p < .05), life-bar  
(t (17) = -2.656, p < .05), and no-feedback conditions (t (17) = -2.870, p < .05. 

5.4 Physiological Measures 

The RR data collected was averaged over time for each condition for use in the ana-
lyses.  The GLM repeated measures ANOVA performed on the averaged RR data 
indicated significant differences between conditions (F (4,56) = 6.143, p < .05, partial 
eta squared = .305, power = 980).  The paired t-tests indicated significantly more 
variability during baseline compared with the shock (t (15) = 6.266, p < .05), life-bar 
(t (15) = 3.866, p < .05), and no-feedback conditions (t (15) = 3.585, p < .05). The 
paired t-tests indicated significantly more variability in the pre measurement com-
pared with both the life-bar (t (14) = 7.340, p < .05) and no-feedback conditions, (t 
(14) = 5.237, p < .05). These results support that when one is cognitively stressed, RR 
is more stable and less variable. 

6 Discussion, Limitations, and Future Directions 

This research focused on immersion as measured by psychological and physiological 
variables under three feedback conditions: shock, life-bar image, and no feedback. 
There were three hypotheses:  (1) the shock feedback would induce higher levels of 
immersion than the life-bar or no-feedback conditions, (2) the shock condition would 
produce better performance than the other conditions, and (3) the measures of trait 
uncertainty would (a) correlate with immersion responses and (b) act as a moderator 
of the stress experience. Of the three, hypotheses 1 and 3b were supported. 

As indicated in hypothesis 3b, trait uncertainty seems to act as a moderator of the 
stress experience. According to Bar-Tal & Spitzer [21], one’s decision-making pat-
terns in uncertain situations are often related to personality traits and coping styles. 
The present study supports this hypothesis; uncertainty significantly and positively 
correlated with the levels of hostility or frustration experienced in the no-feedback 
condition. Individuals with a predisposition toward maladaptive responses to uncer-
tainty or a preference for control as measured by the URS reported they experienced 
higher levels of hostility or frustration when they were not provided with performance 
feedback. As expected, we did find a positive correlation with confidence and per-
formance. The more confidence (as measured by the SSE) one had in their ability to 
perform during the experiment, the better they did. 

This research found a significant relationship between immersion and psychologi-
cal affect, extending Witmer and Singer’s statement that presence is a psychological 
state.  They also argue that the presence experienced in an IVE requires the ability to 
focus on the task without notice to unrelated stimuli. Bomyea et. al. [22] support  
their argument and suggest that goal-directed behaviors allow for participants to use 
cognitive control to maintain attention on the scenario while inhibiting irrelevant  



 How Real Is Good Enough? 255 

 

information (external stimuli).  Participants in this study reported that external stimuli 
(i.e. researchers in the room) did not interfere with their experience. 

Even though one finding in this study showed that the shock condition significantly 
affected performance on decision-making, it was contrary to the 2nd hypothesis. The 
shock condition significantly increased errors in decision-making such that more 
friendly targets were shot. During the out brief after the experiment was complete, 
many of the participants said that they shot at all targets because they felt they had a 
better chance of not being “shot.” This may be because the shock scenario required 
more cognitive resources to focus on identifying and making contact with the enemy 
target to prevent a shock. This may reflect that the cognitive load was too great to 
focus on a precise decision. Wirth et. al. [23] suggests that cognitive load might be 
higher in the shock condition because the specific instructions—shoot only the ene-
my—seem to restrict shooters to a specific strategy, whereas nonspecific instructions 
allow them to use a learning strategy. Therefore, providing goals versus specific in-
structions, that allow someone to use their own strategy should decrease cognitive 
load enabling them to perform better with less effort. 

Contrary to research that suggests that low RR and anxiety are related; the present 
study did not find relationships between RR and the psychological variables meas-
ured.  The MAACL-R hostility results suggest that this measure may be more relevant 
to presence than anxiety.  Future assessment should include the MAACL-R, the low-
frequency variability in HR, and the QT interval. The QT interval increases in  
response to mental stress [6, 12]. 

The current study used very limited motion in the targets (e.g., squat to stand, lean 
out). Producing more realistic and naturalistic moving targets, incorporating props, 
allowing for no shocks to be received if taking cover, and penalties for friendly kills 
could increase the immersive experience. Situational awareness metrics about the 
surrounding areas or of the targets themselves could provide additional information to 
the immersive experience. Because stress affects memory, the shock condition should 
affect one’s memory of the target or other variables in the scenario. 

This study investigated psychological and physiological measures during a simula-
tion and showed that psychological constructs of arousal (i.e., hostility, positive af-
fect) are indicative to one’s sense of presence in a simulation. Simulation research 
would benefit from including both psychological constructs of arousal and physiolog-
ical measures. 
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